Tris(benzene-1,2-dithiolate)molybdenum(VI) reacts rapidly and quantitatively with tetrabutylammonium hydroxide to yield the corresponding Mo(V) and Mo(IV) complexes and hydrogen peroxide; the reaction has been executed in dry tetrahydrofuran where the reaction rate shows a fair dependence on complex and OH 2 concentrations.
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Tris(benzene-1,2-dithiolate)molybdenum(VI) reacts rapidly and quantitatively with tetrabutylammonium hydroxide to yield the corresponding Mo(V) and Mo(IV) complexes and hydrogen peroxide; the reaction has been executed in dry tetrahydrofuran where the reaction rate shows a fair dependence on complex and OH 2 concentrations.
Tris(dithiolene) complexes of transition metals have been the subject of considerable attention since they were first reported. 1 While early interest focused primarily on the facile one-electron redox reactions which these complexes undergo, more recently the scope has expanded to areas ranging from bioinorganic chemistry to materials science. 2 Surprisingly little is known about the interaction of this class of compounds with hydroxide ions. Kawashima et al. 3 first reported the reduction of neutral M(tdt) 3 complexes (M = Re, Mo, and W; tdt = toluene-3,4-dithiolate) dissolved in acetone or THF by aqueous NaOH, but little more than the formation of the corresponding one-electron reduced complex was described. Confirmation of the occurrence of this reaction was subsequently provided by Sellmann et al. 4 who reacted Mo(bdt) 3 (bdt = benzene-1,2-dithiolate) with NaOH in methanol. The reaction yields the [Mo(bdt) 3 ] 2 or [Mo(bdt) 3 ] 22 complex, depending upon the ratio in which NaOH and Mo(bdt) 3 are mixed, and it was thought to proceed by oxidation of methanol to methanal, although this hypothesis has not been tested.
We were surprised to find that addition of n-Bu 4 NOH to a THF solution of neutral Mo(bdt) 3 4 Because the whole reaction was complete in less than 20 s in excess of base, both reduction processes have been studied by stopped-flow spectrophotometry. A general treatment of spectrophotometric data has been used to investigate the kinetics of the reaction. The solution absorption spectra of authenticated Mo(VI), Mo(V), and Mo(IV) complexes were fitted to a Gaussian function basis set within the 400-800 nm region. 6 The calculated optical densities e i (l) were used to analyse the Mo(bdt) 3 -n-Bu 4 NOH system spectrum at each time and to deduce the variation of molybdenum complex concentrations with time. † In all cases the sums of the Mo complex concentrations were equal to the initial Mo(bdt) 3 concentration and the resulting c i vs. time curves were subject to further kinetic analysis by using a non-linear least-squares method. 7 The monitoring of an equimolecular Mo(bdt) 3 -n-Bu 4 NOH reaction system is presented in Fig. 1a . On the basis of comparisons with authentic samples of Mo(bdt) 3 and [Mo(bdt) 3 ] 2 , it was concluded that the latter complex is the only molybdenum product formed. This was further supported by HPLC which enabled the separation of Mo(bdt) 3 from [Mo(bdt) 3 ] 2 in a reaction mixture where no other peaks were detected. Finally, GC-FID did not show peaks other than that from the THF, indicating that this solvent is not involved in the redox process.
All evidence indicates that no absorbing intermediates are formed in appreciable quantities. First, as can be seen in Fig. 1 , repetitive UV-Vis scans show tight isosbestic behaviour. Secondly, and more significantly, the kinetics treatment described here is capable of reproducing any of these experimental spectra satisfactorily by using only the component Gaussian functions of the Mo(bdt) 3 3 .
The second-order dependence on [Mo(bdt) 3 ] is consistent with a mechanism having a bimolecular Mo complex interaction as the rate-limiting step. Taking into account that the current spectrophotometric results do not show that OH 2 binds to Mo through the oxygen, we suggest as a reasonable pathway the association of one hydroxide ion with two neutral Mo(bdt) 3 molecules by hydrogen bonding to the co-ordinated sulfur atoms of the ligands. ‡ 1,2 The m-hydroxo Mo(bdt) 3 …HO 2 …Mo(bdt) 3 species thus formed may pass through a highly concerted transition state in which the interaction with another OH 2 ion would lead to a polar group-transfer reaction, 8 dominated by HO…OH bond making and metal reduction, to yield the [Mo(bdt) 3 ] 2 radical ( < g > = 2.006; < A > ( 95,97 Mo) = 26.6 3 10 24 cm 21 ) and H 2 O 2 ‡ 3 which in basic solution forms the HO 2 2 ion. An Eyring plot of the rate constant k determined at a series of temperatures gives an excellent straight line from which DH ≠ = 37.9 ± 0.8 kJ mol 21 and DS ≠ = 2 39 ± 3 J K 21 mol 21 are deduced. The DS ≠ value is consistent with the proposed associative transition-state.
As estimated from standard reduction potential data, the overall reaction (1) must be exergonic at least in acetonitrile solution. In fact, the redox potential for the reduction of HO 2 2 to OH 2 ions has been reported to be 20.11 V vs. ENH, [1 M (Bu 4 N)OH, pH 30.4], 8 whereas the measured redox potential for the Mo(bdt) 3 -Mo(bdt) 3 2 pair was found to be +0.610 V by cyclic voltammetry. 5 Thus, reaction (1) lies indeed far to the right.
However, the [Mo(bdt)3] 12/22 reduction potential is considerably more negative (20.040 V) than that of the [Mo(bdt) 3 ] 0/12 couple, and thus the former reduction must have a smaller driving force and a relatively slower reactivity. This was confirmed by monitoring the reaction of (Bu 4 N)-[(Mo(bdt) 3 ] with Bu 4 NOH, which also proceeds cleanly with well-defined isosbestic points upon addition of excess base (Fig. 1b) . By using the procedure indicated above, these spectra were simulated and the concentration of each complex evaluated as a function of time. The disappearance rate of [Mo(bdt) 3 ] 2 parallels the appearance rate of [Mo(bdt) 3 ] 22 for all runs, but it should be noted that both rates become negligible a few seconds after the reaction starts (ca. 15 s), and also that a complete conversion does not take place even when an excess of ca. 20 equivalents of base are initially present. These observations can be plausibly explained when the equilibrium shown in reaction (2) In summary, on the basis of this and other works, 3, 4 it should no longer be considered unusual to react a higher valent molybdenum tris(dithiolene) compound with hydroxide ions to produce a lower valent molybdenum tris(dithiolene) compound. Moreover, such electron-transfer processes have also been observed to occur with tungsten, e.g. W(bdt) 3 , and this will be the basis of a later publication. Further investigations of the reactivity of Mo(bdt) 3 and related compounds in solvents other than THF may clarify whether the observed reactivity is relevant to that of molybdenum cofactor (Moco). 2 
